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ABSTRACT 

Binocular depth perception, a vital function 
during spacecraft docking and lunar landing, could 
be degraded by any spacecraft system optical trans
parency. A study of the relationship between binoc
ular depth perception and optical distortion in the 
Apollo pressure suit helmets and visors was  made 
to aid in setting optical distortion limits for the hel
mets  and visors. Data obtained from the study indi
cated that all the helmets and visors which were 
tested degraded binocular depth perception. As 
measured by the Howard-Dolman apparatus, there 
is evidently a systematic effect of optical distortion 
in the Apollo helmets and visors on binocular ster
eoscopic depth perception, A program for studying 
this problem in greater  depth is outlined. 
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THE RELATIONSHIP BE TWEEN OPTICAL DISTORTION 

AND BINOCULAR DEPTH PERCEPTION 

By L. R. Loper and R. C. Stout 
Manned Spacecraft Center 

SUMMARY 

A study of the effects of optical distortion in the Apollo pressure suit helmet and 
visors on binocular depth perception has indicated that binocular depth perception was  
degraded by all the helmets and visors tested. In this study, the Howard-Dolman ap
paratus was used to measure depth perception, and a projection test  was  used to meas
ure  optical distortion. The data indicated that there is a significant difference between 
the base-line Howard-Dolman scores  and the Howard-Dolman scores  taken through any 
of the helmets or  visors. There is evidently a systematic effect of optical distortion in 
the Apollo helmets and visors on binocular stereoscopic depth perception as measured 
by the Howard-Dolman apparatus. A program of applied research and development for 
further study of this problem is outlined. 

INTRODUCTION 

Binocular stereoscopic vision is important in any task requiring precise visual 
localization of objects in space. Good stereoscopic vision is necessary in the opera
tion of cranes, drag lines, remote-controlled mechanical hands, and machine tools 
requiring hand and eye coordination. Good stereoscopic vision is of special importance 
during the docking of spacecraft and during the later stages of lunar landing. Any of 
the spacecraft system optical transparencies (the spacecraft windows and the pressure 
suit helmet and visors) through which the astronaut must look can potentially degrade 
or  destroy binocular depth perception. The better the fidelity with which these t rans
parencies transmit the viewed scene, the better will  be the response of the eyes to 
stereoscopic cues. 

This is a report of a study of the relationship between binocular depth perception 
and optical distortion in the Apollo pressure suit helmets and visors. The objective 
of this study was to obtain data which would aid in setting realistic optical distortion 
limits for pressure suit helmets and visors. These limits would then be based on a 
physical measurement of optical distortion in the helmets and visors,  and this meas
urement is related to a vital visual function -binocular depth perception. 



Research for this effort was performed in the Visual Optics Laboratory of the 
Biomedical Research Office, Medical Research and Operations Directorate, NASA 
Manned Spacecraft Center, during June, July, and August 1967 and is documented 
under the visual optics program area as a work unit in ophthalmic transparencies. 
The work was done in support of the Crew Systems Division development of the Apollo 
block II pressure suit. Frank A. Michelli of the Biomedical Technology Division per
formed the statistical analysis of the data. 

BINOCULAR STEREOSCOPIC VISION 

Binocular stereoscopic vision is the highest and most complex form of primate 
vision (refs. 1 to 4). This function is a result  of the two eyes fixing the same object, 
yet viewing i t  from slightly different angles. The resulting dissimilar images falling 
on the retinas form the single perceptual image which stands out in full relief. Each 
eye must have good visual acuity, the luminance of the two images must be approxi
mately the same in the two eyes, the two images must be approximately the same size,  
and the two uniocular images must fuse into a single perceptual image. Anything which 
degrades o r  destroys these balances will degrade o r  destroy stereoscopic vision. 

In addition to the binocular cues, there a r e  monocular o r  empirical cues to depth 
perception which a r e  mediated by each eye acting as a separate unit (ref. 1, p. 133). 
The monocular function takes over at distances beyond the function of stereoscopic 
vision and adds to depth perception at nearer distances. Monocular depth perception 
is the only form of depth perception for one-eyed individuals and for two-eyed individ
uals whose eyes do not function as a unit. 

Stereoscopic vision functions from near the eyes to approximately 650 meters  
(710 yards o r  approximately one-fourth mile) (ref. 1, p. 137) and varies with the dis
tance between the eyes (interpupillary distance) and with stereoscopic acuity. Binocu
lar stereoscopic acuity is extremely sensitive to relative changes of the s ize  and shape 
of the two retinal images (ref. 1, p. 142). Optical distortion in transparencies causes 
variation in the size and shape of the retinal images of the eyes. It is expected that a 
relationship exists between optical distortion and binocular stereoscopic vision. For 
this study, optical distortion is defined as random deviations of light rays caused by 
random curves , irregular thicknesses, and inhomogeneities of optical transparencies. 
Schachter and Chapanis (ref. 5) and Cibis et  al. (refs. 6 and 7) studied the effects of 
optical distortion in transparencies on binocular depth perception. These studies were 
concerned principally with plane-parallel transparent plates and with the effects of 
tilting and rotating the plates before the eyes. Valuable data were obtained; however, 
it is difficult to relate the results to standard optical distortion tests. The physical 
form and optical defects of the Apollo helmets and visors under study a r e  not amenable 
to analysis by the methods used in the studies cited previously. 
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EFFECTS OF OPTICAL DISTORTION ON 
BINOCULAR DEPTH PERCEPTION 

Method and Instrumentation 

This study was  conducted in three phases. Phase I was  a pilot study to deter
mine if there is a systematic effect of optical distortion on binocular depth perception. 
Three Gemini visors,  one Army polycarbonate flight-helmet visor, and one Apollo 
two-piece helmet were used in phase I. Phase I1 was a study of six Apollo visors, and 
phase 111was a study of one Apollo helmet, a stack of two Apollo visors, and a stack 
of three Apollo visors. Phase IIIw a s  conducted to study the effects of multiple layers 
of transparencies on binocular depth perception. 

The test items producing the optical distortion in this study were transparent 
polycarbonate visors and helmets for the Gemini and Apollo pressure suits (ref. 8). 
The one exception w a s  an injection-molded polycarbonate visor for the Army flight 
helmet used in phase I. These transparencies were clear, uncolored, with a luminous 
transmittance of approximately 85 percent. The average thickness of the material was  
0.178 centimeter (0. 070 inch) with an index of refraction of 1.586. The nominal radius 
of curvature of the Gemini visors was  11. 7 centimeters horizontally and 19.2 centime
ters vertically; of the Apollo visors, 1 4 . 2  centimeters horizontally and 16. 3 centime
t e r s  vertically; of the Apolio helmet, in the primary visual zone, 11.7 centimeters 
horizontally and 15.1 centimeters vertically; and of the Army flight-helmet visor, 
13.0 centimeters horizontally and 16.5 centimeters vertically. The pressure suit 
visors and helmets a r e  formed with the thinnest point in the front upper center, the 
“optical center. t t  A slight prismatic effect radiates in all directions from this point. 
A small, inherent refractive power generated by the concentric surfaces occurs in the 
visors and helmets. In the Apollo helmet, this refractive power varies considerably 
from point to point because of the complex curves. The haze value of the helmet ma
terial  was  approximately 0. 50 percent. Inhomogeneities, such a s  minute bubbles and 
lint, were found throughout the transparencies. 

The projection test  used to provide a physical measure of the optical distortion 
in these transparencies was method 3041 of Federal Standard Number 406. In this 
test, a Clason visual acuity meter (ref. 9) was focused on a screen 7.62 meters  
(25 feet) away. A square image 25.4 centimeters (10 inches) on a side was  formed on 
the screen. No target was used in this projector. The item under test  was held next 
to the screen and then gradually moved away from the screen toward the projector. A 
distortion or D score is obtained by noting the distance in inches that the transparency 
can be moved from the screen before dark and light patches form on the screen. The 
greater the distance, the less  distortion in the transparency. There is little varia
bility in determining D scores  at short  distances, such as 25.4 centimeters (10 inches), 
for the poorer transparencies; however, for the higher scores  at 101.6 centimeters 
(40 inches) and beyond, the variability may be  k7.62 centimeters (3 inches). The 
theory is that small  optical deviations in the transparency will  not form distortion 
images except at considerable distance from the transparency. Conversely, the more 
pronounced optical deviations will form distortion images at shorter distances. The 
D scores  used were averages of five trials taken by the same experimenter. 

3 




The Howard-Dolman (H-D) apparatus (ref. 10) was used in this study to measure 
binocular stereoscopic acuity. Two vertical black rods were placed 5.7 meters  from 
the subject's eyes. The right-hand rod was fixed; but with a string pull, the left-hand 
rod could be moved away from o r  nearer  to the subject in a track along the anterior-
posterior axis. The rods were of equal diameter, 0.95 centimeter. The horizontal 
separation of the rods was 6.0 centimeters, center to center. A black mask with an 
opening 10.3 centimeters vertically and 18.3 centimeters horizontally was placed 
5.5 meters  f rom the subject's eyes. A uniform white field was  placed 30.5 centimeters 
behind the fixed rod. The luminance of this field was 175 foot-lamberts. The subject 
was seated on a stool in front of an adjustable instrument table. A head-and-chin res t  
was fixed to the instrument table to keep the subject's head immobile. The visor test 
i tems were fixed in a jig attached to the head-and-chin res t  so that all subjects viewed 
the H-D apparatus through the same a r e a  of the test  objects. The helmet test  i tems 
were held in place by an overhead jig attached to a chair. The illumination on the 
black rods of the H-D apparatus was 400 foot-candles from above. The illumination at 
the position of the subjects' eyes was 150 foot-candles from above and 98 foot-candles 
from the front . 

All subjects were tested on the Bausch and Lomb modified Ortho-rater (ref. 11) 
for monocular distant visual acuity, corrected and uncorrected; vertical and horizontal 
heterophoria; and depth perception. Only subjects with corrected visual acuity of 
20/25 o r  better in each eye and with single, simultaneous binocular vision as deter
mined on the Ortho-rater depth perception test were selected. To qualify as a subject, 
a person was required to have an average score for 10 trials of 35 millimeters o r  less 
separation of the posts on the H-D apparatus for phase I and 30 millimeters o r  less 
separation for  phases 11and III. Thus, it was assured that each subject had good vis
ual acuity and binocular vision and relatively good binocular stereoscopic acuity. 
Twenty-one subjects participated in phases I and 111, and 23 participated in phase 11. 
Some of the subjects participated in all three phases. 

In the trials, the subject was  first tested on the Ortho-rater and later seated at 
the head-and-chin res t  o r  on the chair, depending upon whether visors o r  helmets, 
respectively, were being tested. The experimenter placed the movable rod of the H-D 
apparatus either to the front o r  to the r ea r  of the track and directed the subject to pull 
the string until the two rods appeared to be side by side o r  equidistant. The subject 
would then drop the string on the floor. The subject was allowed to use only one hand 
and could not move the rod back and forth. Each subject was  given 10 trials for  prac
tice, after which the test i tems were presented in random order. Included was a 
series of 10 trials without a test item before the eyes for  a base line. The H-D score 
for each subject behind a single test item was the average of 10 trials. Distant binocu
lar visual acuity was  taken through each test item by using a pasteboard U. S. Armed 
Forces visual acuity chart placed beside the H-D apparatus. The luminance of the 
visual acuity chart was 79.5 foot-lamberts. In no case did a test item degrade visual 
acuity as measured in this manner. 

Results 

Table I summarizes the results f rom phases I, 11, and III. Figure 1 is a com
posite of all three phases. The base-line H-D score for phase I (without helmet o r  
visor before the eyes) is 18.6 millimeters (standard deviation (T = k7.7); for phase 11, 
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17.0 millimeters ( u  = *5. 7) ;and �or phase III, 16.7 millimeters ( u = k7.4). These data 
indicate a statistically significant difference between the base-line H-D scores and the 
H-D scores taken through any of the helmets or visors. There is evidently a system
atic effect of optical distortion in the Apollo helmets and visors on binocular stereo
scopic depth perception as measured by the H-D apparatus. 

TABLE I. - SIGNIFICANCE OF HOWARD-DOLMAN SCORES 

FOR EACH VISOR OR HELMET AS COMPARED WITH THE BASIC 
I 

HOWARD-DOLMAN SCORE BY A PAIRED t TEST 

Phase Test item 

-~- __ -

I 	 No transparency 
Apollo helmet 
Gemini visor(N = 21)b 	 Army polycarbonate 
Gemini visor 
Gemini visor 

II 	 No transparency 
Apollo visor 
Apollo visor 

(N = 23) 	 Apollo visor 
Apollo visor 
Apollo visor 
Apollo visor 

111 No transparency 
Stack of two transparencies(N = 21) Stack of three transparencies 
Apollo helmet 

~ - __ - ..

aAll t values are significant at the 0.025 level of significance. 

Mean StandardD score, H-D score, deviation t 
cm (in.) mm u (4 

~ 

- - 18. 6 7. 7 
119. 38 (47) 27. 7 11.4 3.80 
101.6 (40) 26. 5 12.4 3. 16 
63. 5 (25) 27.8 10.3 2.83 
35.56 (14) 34.6 16.0 5.61 
25.4 (10) 68.0 27. 5 8.22 

~ 

- - 17.0 5. 7 -
101. 6 (40) 20. 7 9.4 2. 38 
76.2 (30)
66.04 (26) 

22.8 
29.8 

9.8 
11.2 

2. 89 
5.09 

50.8 (20) 28. 1 16.4 3.62 
43. 18 (17) 42. 7 20. 7 5. 36 
25.4 (10) 57.4 31. 6 5.67 

16. 7 7.4 -

I
1 76.2 (30) 23.0 8. 1 3. 30 

63.5 (25) 29.9 10.3 4. 71 
53.34 (21) 33. 3 13.8 4. 70 

bN indicates the number of subjects. 
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Discussion 

X PhaseIl Examination of the data in table I 
60 -

X 
Phasem - 24 

g indicates that all the transparencies 
2% tested degrade binocular depth percep
g z  tion. The paired t test (ref. 12) shows
= 2  

50 - - 20 -a 5 a significant difference at the 0.025 level
g i  of significance between the H-D scores  

E $ 6  with each transparency and the base-line 
4 0 -

X - 16 2~ H-D scores  without the transparency be-
:: & =  
.n -% $  fore the eyes. The data points in figure 1 
-E 0 .  22 become asymptotic to the distortion score2 
30 - x 8 6 0 

- 12 5 axis, providing a strong indication that 
I i z  there is an inherent defect in the helmet- 0  
I 

9 insofar as stereoscopic vision is con
20 - - s$ cerned. The base-line (no transparency) 

I I - 1  L _ --
H-D scores  a r e  well within the range r e 

0 10 20 30 40 50 ported by Howard (ref. 10) in his original 

This study is an examination of the effect of the Apollo pressure suit helmet and 
visors  on binocular depth perception. The effects of these transparencies on visual 
function should be examined in greater depth. A reasonable program of study in this 
a rea  would include (1) the development of improved tests for the physical characteris
t ics  of transparencies, (2) more extensive studies on the effects of optical distortion on 
visual function, and (3) studies to determine the effects of optical distortion on mission 
task performance. In the third category, Apollo mission tasks requiring binocular 
depth perception should be used to determine the significance of optical distortion on 
actual required tasks. The program outlined in this report  can be expected to yield data 
indicating the relative significance of optical distortion in Apollo pressure suit helmets 
and visors on task performance. These data can then be used in developing a specifica
tion for  optical distortion. In addition, an objective test for  optical distortion will be 
established. 
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CONCLUSION 


Spacecraft system optical transparencies (spacecraft windows and pressure suit 
helmets and visors) can potentially degrade binocular depth perception, a function of 
vital importance in spacecraft docking and in lunar landing. This study, which con
sisted of three phases, used a Howard-Dolman apparatus to measure binocular stereo
scopic acuity and a projection test to measure optical distortion. All three phases of 
the study indicated a systematic effect of optical distortion in the Apollo helmets and 
visors on binocular stereoscopic depth perception as measured by the Howard-Dolman 

i 	 apparatus. The data showed a statistically significant difference between the base-line 
Howard-Dolman scores  and the Howard-Dolman scores taken through any of the helmets 

1 o r  visors. In the tests, all the helmets and visors degraded binocular depth perception. 

A program to examine this problem in greater depth has been proposed. This 
program should include the development of improved tests for the physical character
istics of transparencies, more extensive studies on the effects of optical distortion on 
visual function, and studies to determine the effects of optical distortion on mission 
task performance. Data obtained from these studies can be used to develop a specifi
cation for optical distortion. 

Manned Spacecraft Center 
National Aeronautics and Space Administration 

Houston, Texas, February 3, 1969 
914-50-95-21-72 
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